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Background & Aims : Although tumor necrosis factor 
<TNF)-a possesses a potent antitumor activity, sys- 
temic administration of TNF-a causes severe side ef- 
fects. To circumvent this, the efficacy of tumor cell- 
targeted TNF-a gene therapy was investigated. Meth- 
ods: Murine hepatocellular carcinoma {HOC) ceils were 
infected with MNSM-Alb e/p-TNF-a retroviruses car- 
rying the murine TNF-cc gene under the transcriptional 
control of the murine albumin gene promoter, and anti- 
tumor effects induced by TNFcc gene transfer were ex- 
amined in vitro and in vivo. Resuits : Although MNSM- 
Alb e/p-TNF-a retroviral^ infected HCC cells showed 
the same in vitro ceil growth as parental HCC cells, 
they lost their tumorigenicity when impianted in synge- 
neic mice and induced tumor immunity against parental 
HCCs. The retrovirally infected HCC cells also signifi- 
cantly inhibited the tumorigenicity of previously im- 
planted parental HCCs, Furthermore, Intratumoral ad- 
ministration of MNSM-AJb e/p-TNF^x retroviruses 
showed the antitumor effect against established HCCs, 
resulting in significantly prolonged survival periods. 
Most importantly, intratumoral implantation of MNSM- 
AJb e/p-TNF-a retroviral -producing cells completely ab- 
rogated established HCCs in mice. Conclusions : These 
results Indicate the potential efficacy of transferring 
the TNFa gene via retroviral vectors directly into tu- 
mors for gene therapy against HCCs. 

Systemic adminiscrarion of tumor necrosis factor 
(TNF)-Ct has been proven to induce the regression of 
a number of established experimental murine tumors.* 
However, it has little therapeutic effect when applied 
clinically for the treatment of cancers, because humans 
can tolerate only 2% of che dose required for tumor 
regression in mice. 2 ""* Therefore, application of therapeu- 
tically effective doses of TNF-a is often accompanied by 
severe side efFects. This problem may be circumvented 
by tumor cell -targeted cytokine gene therapy.* 4 For in- 



stance, it was shown that intratumoral administration 
of TNF-a induced tumor necrosis in animal models. 5 ' 0 
Furthermore, tumor cells genetically engineered to pro- 
duce TNF-a in vitro were shown to provide a locally 
enhanced TNF-a concentration and lose theic. tumorige- 
nicity in mice. ^ 9 It was also reported that the amounts 
of TNF-a released by genetically engineered cumor cells 
correlated wirh the intensity of the rumor rejection."* 
Therefore, if high intratumoral concentrations of TNF- 
a can be achieved, efficient antitumor effects against 
established tumors may be induced without systemic 
toxicity. 

We have been working on gene therapy against hepa- 
tocellular carcinoma (HCC) using recombinant retrovi- 
ruses in animal models, because HCC is one of the most 
common malignancies in Asia. 10,11 There is still no satis- 
factory treatment that significantly improves the overall 
survival rate of patients with HCCs, 12,13 Most patients 
with HCCs have underlying liver cirrhosis. Therefore, it 
is not practical in the majority of patients with HCCs 
to collect surgically che target HCC cells for genetic 
modification, because of their limited hepatic reserve. In 
vivo gene transfer methods are definitely more applicable 
for the treatment of patients with HCCs. Retroviruses 
provide a potential means of selectively infecting and 
achieving integration into the genome of dividing cells. 14 
Therefore, retroviruses are an attractive vector for cancer 
cell -specific gene transfer, because most normal cells 
surrounding cancers are in a quiescent, nonrec&ptive stage 
of cell growth. There are, however, noncancerous normal 
dividing cells, such as bone marrow cells and intestinal 
epithelial cells. Therefore, tumor cell-speciiic gene de- 
livery of therapeucic genes must be developed for gene 
therapy against cancers using retroviral-mediated in vivo 



Abbreviations used in tttte paper. CFU coiony-fbrmlrig units; SOS, 
sodium dodecyl sulfate; SV 40, simian virus 40; TNF, tumor necrosis 
factor. 
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-msfer. 7A have already shown recroviral-medi- 
- : :<X- gliorna-specifk fcene delivery both 
ro and in v tV o by using the albumin #ene pfo- 
' : * and ?; iye lin basic protein gene promoter 20 as 
i: promt* in retroviral vectors, respectively. An- 
rr,portan* factor to achieve an antitumor effect is 
r a str'/Hg expression of transferred therapeutic 

- vivo. 7/e have shown that the albumin #ene 
zr.rer can iMuce stronger expression of exogenous 
i -, M<X Hh in vitro than rhe simian virus 40 (SV 

re^ioii promoter, which is widely used to induce 
exprt*.M/,n of exogenous genes in various tumor 

: Tit present study, we examined whether murine 
7-1 #cne ezprcssion directed by rhe murine albumin 
r ;rr ; moter ',r SV 40 early region promoter can abro- 
■ r* tumnri^enicity of murine HCC cells in vivo. 
T/rrnore, investigated whether the retroviral-me- 
;n vivo transduction of the TNF-Ctgene can induce 

- or efU-'r. on established HCCs in animals. 

Materials and Methods 

Cell Lines and Cell Culture 

T he murine HCC cell line MM45T.U murine embryo 
..^r line NIIBT3, 22 and amphotropic retrovirus packag- 
line I 3 A % I 7 2i were purchased from American Type 
riollfccLion fRockville, MD). The cells were grown in 
I y/K) milium containing 10% heat- Inactivated fetal 
--m, KJO IJ/mLampicillin, and 100 mg/mL streptomy- 
in ">% CO* in air. 

Structure of the Retroviral Vectors 

All pkismids were constructed by standard recombi- 
: ~JSk techniques. 24 * 2 ' Construction of the MNSM-Alb e/ 
" F-a and MNSM-SV 40-TNF-CX retroviral plasmids has 

- scribed previously, 33 and the diagrams are shown in 

1. The MNSM-Alb e/p-TNF-0c retroviral vector con^ 

- -ne neomycin phosphotransferase gene/ 6 which confers 
resistance on transfected cells; the murine albumin en- 

■-zr and promoter element as an internal promoter; and 
-urine TNV-a gene' 1 * within two Moloney murine leuke- 

- :rus long-a-rminal repeats. 2 * The MNSM-SV 40-TNF-a 
" ":ral vector contains the SV 40 early region promoter as 
.-.carnal promoter in place of the murine albumin enhancer 
. promoter element of the MNSM-Alb e/p-TNF-d vector. 
• ^-CNSM retroviral vector 30 containing the only neomycin 
^hocransferase gene without the TNF-Ct gene was used as 
.r ; rrol retroviral vector. 

Recombinant Retroviral Production and 
Gene Transfer 

Production of replication-defective amphotropic rec- 
tal vectors was accomplished by the calcium phosphate 
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Figure 1, Structure of the recombinant retroviral vectors. The MNSM- 
Alb e/r>TNF-<x retroviral vector contains the neomycin phosphotrans, 
ferese {neo) gene, which confers G418 resistance on transfected 
cells the murine albumin enhancer and promoter {Alb e/p) fragment, 
as an internal promoter, and the murine TNR* gene within two Molo- 
ney murine leukemia virus long-terminal repeats (LTRs). The MNSM- 
SV retroviral vector contains the SV 40 early region promoter 
as an internal promoter in place of the murine AJb e/p fragment of 
the MNSM-Alb e/p-TNRx vector. The MNSM retroviral vector contains 
the only neo gene without the TNF-a gene. 



precipitation procedure as described previously/ Briefly, 
PA 3 17 amphotropic retroviral pucka^n- cells were placed at 
5 X 10' cells per 60-cro dish. On the following duy, DNA- 
GiCh solution was prepared by mixing 25 \il of 2.0 mol/L 
CaCh, 10 |ig of plasmid DNA in 10 mmol/L Tris-HCJ at pH 
7 5 and water to make 200 |lL total. Precipitation buffer was 
freshly prepared by mixing 100 |iL of 500 mmol/L HEPHS- 
NuOH at pH 7.1. 125 HL of 2.0 mol/L Nad, 10 \il or 00 
mmol/L Na,HPO„-NaH 2 PO, at pH 7.0, and wacer to make 
I mL total. DNA-CaCl 2 solution (200 JiL> was added dropwtse 
with constant agitation to 200 |iL of precipitation buffer. After 
30 minutes at room temperature, the resultant fine precipitates 
were added co a dish rf PA317 cells. Two days lacer, the 
medium was aspirated and fresh medium containing 1 trig/ 
mL G41S (Gibco, Grand Island, NY) was added. Independent 
G4l8-resistanr clones wen? isolated and expanded as retroviral- 
producing cells. The high-tit er retiovirai-prrxluciruj clones se- 
lected for subsequent experiments had a ricer of approximately 
L X 10 7 colony-forming units (CTU)/mL as assayed by G418 
selection of infected NIH3T3 cells. The culture supernatant of 
the high-citcf recmviral-producing clone was collected, passed 
through a 0.45Hlm-por* filter (Millipore Corp., Bedford, MA), 
and stored at -70 Q C. It served as a source for infectious recom- 
binant retroviruses. 

Freshly prepared murine HCC cells were infected with the 
recombinant retroviruses at 37°C, 5% CO, for 4-6 hours in 
the medium containing 8 ^/mi polybrene (Sigma Chemical 
Co., Sc. Louis, MO), The medium was replaced with a fresh 
virus-free one, and rhe cells were incubated for 2 days. Infected 
cells were then selected by addition of G41S to a final concen- 
tration of 1 mg/mL, and the bulk of G418-resis W nt ceUs were 
expanded for subsequent experiments. 
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TNF-a Production 

To determine whether the retroviral -infected cells pro- 
duce biologically active TNF-Ct, a sandwich enzyme-linlced 
immunosorbent assay technique was used. Rat and -murine 
TNF-QL monoclonal antibodies MPG-XT3 and MP6-XT 22 
(Gibco), which recognize different epitopes on murine TNF* 
a, were used for quantitative measurement of murine TNF- 
Ot. Briefly, microriter plates were coated with the MPG-XT3 
antibody. After treatment with a blocking solution, the super- 
natants of rerroviral-infected cells and recombinant murine 
TNF-a (Gibco) in serial dilution, were added co the plates. The 
peroxidase-conjugBted MP6-XT22 antibody was then added to 
the places for sandwiching murine TNF-a. After washing, the 
revealing solution containing tetramethyl benzidine (Boeh- 
ringer Mannheim, Germany) was added and incubated. The 
intensity of the resulting color was determined photometrically 
by an automated microplate reader <Bio-Rad, Hercules, CA). 
Absorbance was proportional to recombinant murine TNF- 
a concentration. A standard curve was plotted and TNF-a 
concentration in samples was determined by interpolation from 
che standard curve. 

Tumorigenicity and Tumor Immunity 

All animal procedures were performed according co 
approved protocols and in accordance with recommendations 
for the proper care and use of laboratory animals. 

Murine HCC cells modified with retroviral-niediated gene 
cransfer were suspended in phosphate-buffered saline (PBS) at 
a concentration of 5 X 10 7 cells/mL, and 100-pX inoculum 
volumes were injected subcutaneously into the tighr flank re- 
gions of syngeneic BALB/c mice. Control mice were injected 
subcutaneously with the same number of unmodified parental 
HCC cells suspended in the same volume of PBS. After the 
injection , the mice were ear tagged at random and observed 
for subcutaneous tumor formation. Tumor size was determined 
by measuring the largest diameter, Mice bearing a cumor larger 
than 3 mm in the largest diameter were considered positive. 

For tumor immunity assessment, mice that did not develop 
subcutaneous tumors were rechnllenged with 5 X 10^ parental 
HCC cells (100-JlL inoculum volumes), a tumorigenic dose in 
100% of animals, in the vicinity of the previous inoculation. They 
were observed for rumor development as described previously. 

Antitumor Effect Induced by Modified Cells 

Five million parental HCC cells suspended in 100 |iL 
of PBS were injected subcutaneously into the flank regions of 
syngeneic BALB/c mice. Three days after the inoculation, the 
same number of HCC cells (100-JlL inoculum volumes) in- 
fected with the recombinant retroviruses was injected into the 
same vicinity. Tumor growth was estimated every 2 or 3 days 
as described previously. 

Antitumor Eff ct Caused by In Vivo 
Transduction of the TNF-a Gen 

To examine the antitumor effect induced by in vivo 
retroviral administration, 5 X 10 6 parental HCC cells were 



injected subcutaneously into the syngeneic mice. When subcu- 
taneous tumors reached ~10 mm in the largest diameter* 
animals in the treatment groups were injected intratumorally 
or peri ton call y with 2 X I0 r> CFU of retroviruses contained 
in 200 [XL of the complete medium with 8 Jig/rinL polybrene 
for 5 consecutive days. Control mice received : in tratumoral 
injection of the same volume of the complete medium with 8 
|ig/mL polybrene. Each group consisted of 10 animals. The 
tumor size and survival rate of the animals were monitored 
every 2 or 3 days. 

To examine the antitumor effect induced by implantation of 
the retroviral -producing cells, the mice bearing an established 
HCC were implanted intratumorally with 2 X 10 6 retroviraJ- 
producing cells suspended in 200 /iL of the conditioned me- 
dium with 16 |ig/mL polybrene for 5 consecutive days. Each 
group consisted of five animals. The tumor size and survival 
rate of animals were monitored every 2 or 3 days. 

Northern Blot Assay 

The mice bearing an established parental HCC were 
implanted incratumorally with 2 X 10^ retro viral-producing 
cells in 200-|iX inoculum volumes containing 16: jlg/mL poly- 
brene for 5 consecutive days. Seven days after the; first implan- 
tation, che tumors were excised and homogenized in a homoge- 
nnte buffer containing 50 mmol/L NaCJ, 50 mm6l/L Tris-HCl 
at pH 7.5, 5 mmol/L etliylenediaminetetraacetic acid at pH 
8.0, 0.5% sodium dodecyL sulfate (SDS), and 200 mg/ml pro- 
teinase K (Sigma). Total cellular RNA from chie tumor was 
extracted by the guanidine-isochiocyanate technique. 24 Thirty 
micrograms of RNA samples was eleccrophoresed in a \% 
agarose/2.2 rrtoI/L formaldehyde gel and transferred co a nylon 
membrane. The membrane was cross-linked with UV light 
and hybridized with the murine TNF-a complementary DNA 
(cDNA) probe at 68°C. The probe was radiolabeled with >2 P- 
labeled deoxycytidine triphosphate by the random priming 
method (Promega Biotec, Madison, Wl). The membrane was 
washed twice for 15 minutes at room temperature with 2X 
standard saline citrate/0. L96 SDS and once at :60°C for 30 
minutes with 0.1X standard saline citrate/0. \% SDS. The 
membrane was then imaged by contact with an x-ray 61m. 
After removal of the probe, the membrane was rehybridized 
with the radiolabeled chicken p-actin cDNA 32 to ensure lane- 
lane equivalency of RNA loading and Transfer. The band densi- 
ties were measured using a Macintosh computer (Quadra 650; 
Macintosh, Cupertino, CA) with the public domain NIH Im- 
age program written by Wayne Rusband at the Rational Insci- 
nites of Health (Berhesda, MD). 

Histological Evaluation and 
Immunohistochemical Staining 

Subcutaneous parental HCCs were excised from the 
mice 14 and 21 days after che first implantation :of ret roviral- 
producing cells. The tumors were fixed in 10% buffered forma- 
lin, embedded in paraffin, and stained with hemalaun for rou- 
tine hiscology. Indirect immunoenzymatic staining of 6-flm 
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W/aw\ sections was performed by using the following rat anci- 
Moose monoclonal antibodies: L3T4 (ATCC, TIB 207), Lyt2 
'ATCC, TIB 105), H-2R (ATCC, CRL 16$>8), and fvfac-L 
^t*C:C, TIB 128). The slides were then incubated sequentially 
"wi'h biot in-conjugated goac anti-mouse immunoglobulins 
-V^. tor Laboratories Inc., Burlingame, CA). Sections were then 
wuhnted with 0.02% hydrogen peroxide (Sigma) and 0.1% 
'bamtnobenzidine terra hydrochloride (Vector), washed in tap 
^/ffkr, and counte retained by hemalaun. 

Statistics 

Standard descriptive statistics, the Student's / test and 
7? ust, were used. A P value of <0.05 was considered sigtiifi- 
"*ut , 

Results 

Generation Time of Retroviral-lnfected. 
HCC Cells 

First, the retrovLral-mediated TNF-a gene trans- 
fcf into murine HCC cells was examined for any cytotoxic 
"ff'-as on cell proliferation. HCC cells infected with 
MN'SM, MNSM-SV 40-TNF-a, or MNSM-Alb e/p- 
'f NI 7 -a retroviruses, as well as their parental cells, were 
*'< r <*<lcd at a density of 1 X 10'* cells/cm 2 in the complete 
tfi'vlium, and the number of viable cells was determined 
; *ffcr trypan blue staining. All determinations were ear- 
ner! our in three separate experiments. All the cell lines 
1 elected with the retroviruses showed the same growth 
r: 'hos as uninfected parental cells (data not shown), and 
f -l*c generation time of all clones was approximately 19 

TNF-a Production by Retroviral-lnfected 
HCC Cells 

Production of TNF-a by retroviral- infected HCC 
'-'id Is was estimated by determining biologically active 
TNF-a concentrations of the culture media. As shown 
Table 1, parental and MNSM retroviral -infected HCC 



Table 1. TNF-ct Content of Stipe matants From Parental and 
Modified HCC Cells 



Rtitroviraily modified cells 


TNF-a content {pg/l<f cetls/24 h) 


Nfme (parental) 


BT 


MNSM 


ST 


MNSM-SV 40-TNF-a 


1406 ± 624 


MNSM-Alb e/p-TNFna 


6685 ± 1302 a 



NOTE. Results era expressed as means ± SO for five separate experi- 
ments. 

BT, below threshold. 

"Significantly different from values of MNSM-SV 40-TNFot at P < 
0-001 by Student's ttest 



cells did not ptoduce detectable levels of TNF-a. Con- 
versely, the cells infected with MNSM-SV 4<)-TNF-?a 
and MNSM-Alb e/p-TNF-a retroviruses did secrete 
1406 and 6685 pg/10 6 cells per 24 hours of TNF-a on 
the average into the culture media, respectively. Tjie 
cells infected with MNSM-Alb e/p-TNF-a retroviruses 
produced significantly higher levels of TNF-a than those 
infected with MNSM-SV 40-TNF-a retroviruses. 

Tumorigenicity of Retroviral-lnfected HCC 
Cells and Tumor Immunity Against 
Parental HCCs 

To examine the tumorigenicity of HCC celts in- 
fected with retroviruses, syngeneic BALB/c mice were 
implanted subcutaneously with 5 X \0 6 HCC cells in- 
fected with the MNSM, MNSM-SV 40-TNF-a, : or 
MNSM-Alb e/p-TNF-a retrovirus. As shown in Table 
2, all the mice inoculated with parental HCC cells, and 
8 of the 10 mice inoculated with MNSM retroviral - 
infected HCC cells developed subcutaneous tumors 
wirhin 20 days, whereas only 1 and none of the 10 mice 
inoculated with MNSM-SV 40-TNF-a and MNSM-Alb 
e/p-TNF-a retroviral- infected HCC cells showed tumor 
formation, respectively. To learn whether the inoculation 
of TNTF-a gene-transduced HCC cells resulted in rumor 
immunity against parental HCCs, mice that did not de- 
velop subcutaneous tumors were again implanted wjrh 
5 X 10 6 parental HCC cells in the vicinity of the previous 
injection. The animals previously inoculated with 
MNSM-SV 40-TNF-a and MNSM-Alb e/p-TNF-a ret- 
roviral -infected cells rejected the subsequent challenge 
of wild -type HCC, with tumor incidence of 33% and 
10%, respectively. 

Inhibition of Tumorigenicity of Parental 
HCC Cells Induced by Retroviral-lnfected 
HCC Ceils 

Parental HCC cells (5 X 10 6 cells/100 JIL PBS) 
were implanted subcutaneously into the flank region of 



TaWe 2, Tumorigenicity of Modified HCC Cells and Tumor 
Immunity Against Parental HCCs 





Tumor incidence 


Tumor incidence 




by cell 


by rechallenge 




Implantation 


with parental cells 


Retro vi rally modified cells 


m 


(9Q 


None (parental) 


10/10 <100) 


ND 


MNSM 


8/10 (80) 


2/2 (100) 


MNSM-SV 40-TNF-a 


1/10 (10}* 


3/9 (33) 


MNSJvMlb e/p-TNF-a 


0/10 (0)* 


1/10 (10) 



ND. not done. 

'Significantly different from the result of MNSM retrovlraily modified 
cells at P < 0.01 by x 2 test. 
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Table 3. Inhibition of Tumorigenfcity of Parental HCC 





Tumor Incidence of 




previously Implanted parental cells 


RetroviraJiy modified cells 


(*> 


None (parental) 


10/10 (100) 


MNSM 


10/10 (100) 


MNSM-SV 


5/10 [50) B 


MNSM-Alb e/p-TNF-a 


1/10 (lOf 



**Signiflcantty different from the result of MNSM retrovi rally modified 
cells at P < 0.05 and P < 0,01, respectively (% 2 test). 



a BALB/c mouse, and 3 days later the same number 
of rhe retroviral- infected and -uninfected counterparts 
suspended in 100 \XL of PBS were injected inro rhe vicin- 
ity of the previous injection. As shown in Table 3, the 
injection of parental and MNSM retroviral -in fee red 
HCC cells did not inhibit che tumorigenicicy of the 
previously implanted parental HCC cells. However, rhe 
injection of MNSM-SV 40-TNF-a and MNSM- Alb d 
p-TNP-Ot rerroviral-infected HCC cells did significantly 
inhibit the tumorigenicity of che previously implanted 
parental HCC cells, with the incidence of detectable ru- 
mor development of 50% and 10%, respectively. The 
inhibitory effect on tumorigenicity of previously im- 
planted parental HCC cells induced by MNSM- Alb e/p- 
TNF-0C rerrovirai- infected HCC cells was stronger than 
that induced by MNSM-SV 40-TNF-a rerroviral-in- 
fected ones, although che difference was nor statistically 
significant. 

Anti-HCC Effect Induced by In Vivo 
Retroviral Administration 

Syngeneic BALB7c mice were implanted subcura- 
neously with 5 X iO 6 parental HCC cells, When subcuta- 
neous HCCs reached "~ 10 mm in diameter, the animals 
received intratumoral or intraperitoneal administrations 
of 2 .X 10 6 CF.U of retroviruses in 200 [ll of the condi- 
tioned medium with 8 |-tg/mL polybrene for 5 consecu- 
tive days. As shown in Figure 2, rhe mice that received 
MNSM retroviruses developed rapidly growing tumors, 
whereas those that received MNSM-SV 40-TNF-a or 
MNSM-Alb e/p-TNF-Ct retroviruses showed rhe signifi- 
cantly suppressed tumor growth. The diameters of che 
mice receiving intratumoral administration of MNSM- 
SV 40-TNF-OC and MNSM-Alb e/p-TNF-CC retroviruses 
were significantly smaller than chose of the mice receiv- 
ing intratumoral administration of MNSM retroviruses 
from day 7 and day 5 after che first admin isrrarion, re- 
spectively. Furthermore, this antitumor effect was ex* 
erred significantly more srrongly by MNSM-Alb e/p- 
TNF-0C retroviruses than by MNSM-SV 40-TNF-a 
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Figure 2. AnthHCC effect induced by in vivo retroviral administration. 
Syngeneic mice were implanted subcutaneously with 5 x 10* parental 
HCC cells. When the mice developed a tumor with a diameter of -10 
mm, they were injected intratumoral ly with 2 x 10* CFU of MNSM 
<G, n = 10). MNSM-SV 40-TNF-a (■, n « 10), or MNSM-AJo e/p-TNF- 
a n = 10} retroviruses for 5 consecutive days. Tumor diameter 
was measured every 2 or 3 days after the first retroviral injection. 
Each data point represents the mean ± SO. Tumor, diameters of 
the mice injected with MNSM-SV 40TNF-U and MNSM-Alb e/p-TNF-a 
retroviruses were significantly smaller than those of th$ mice injected 
with MNSM retroviruses from day 7 and day 5. respectively. Tumor 
diameters of the mice injected with MNSM-Alb e/p-TNFKi retroviruses 
also were significantly smaiJer than those of trie mice injected with 
MNSM-SV 4f>TNF-a retroviruses. * 0.01 < p < 0.05, ** P < 0,01 
by Student's t test. 

retroviruses from day 1 2. Conversely, che mice thar re- 
ceived in rraperi coned administration of MNSM-Alb 
e/p-TNF-<X re rro viruses developed rapidly growing ru- 
mors, nor significantly different from those that received 
intratumoral administration of MNSM retroviruses (data 
not shown). Figure 3 shows che survival rare: of che mice 
that received the intracumoraJ admin isrrarion of rhe vari- 
ous retroviruses. All che mice that receiyed control 
MNSM retroviruses died within 14 days after the initia- 
tion of the retroviral administration, and all the mice 
that received MNSM-SV 40-TNF-(X retroviruses also 
died within 35 days. On rhe orher hand, the survival 
rate of che mice administered MNSM-Alb e/p-TNF-0C 
retroviruses was significantly higher compared with that 
of the mice administered MNSM-SV 40-TNF-Ot rerrovi- 
ruses, and 80% of rhe mice were still alive even 42 days 
after che administration. 

Anti-HCC Effect Induced by Implantation of 
Retroviral-Producing Cells 

The mice bearing an established parencal HCC 
were then treated with che incratumoral implantation 
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Figure 3. Survival rates of mice that received Intratumoral retroviral 
administration. The mice bearing an established subcutaneous HCC 
with a diameter of — 10 mm were injected irUraturnorally with MNSM 
(O, n = 10), MNSM-SV 40-TNF-a (■, n - 10), or MNSM-Alb e/p-TNF- 
cx n = 10) retroviruses for 5 consecutive days. The survival rate 
oT the mice injected with MNSM-Alb e/p-TNFct retroviruses was sig- 
nificantly different compared with that of the mice injected with MNSM- 
SV 40-TNF-a retroviruses. * 0.01 < P < 0.05, ** P < 0.01 by x 3 
test. 
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Figure 4, Anti-HCC effect induced by implantation of retroviral-pfoduc- 
ing cells. The mice bearing an established subcutaneous HCC with a 
diameter of -10 mm were implanted tntratumorally with 2 x 10* 
MNSM-SV 40-TNF-a <■, n = 5) or MNSM-Alb e/p-TNF-a (•, n = 5} 
retroviral-producing ceils for 5 consecutive days. Tumor diameters 
were measured every 2 or 3 days after the first implantation Each 
data point represents the mean r SD. Reduction rates of tumor 
diameters Induced by either retroviral-producing cells are statistically 
significant from day 14. 



of retroviral-produciiig cells insread of the incratumorai 
retroviral administration. When subcutaneous HCCs 
reached ^10 mm in diameter, the animals were im- 
planted intrammorally with the recroviral-producing 
ceils. As shown in Figure 4, tumor size of the mice 
implanted with MNSM-SV 40~TNF-Gt retroviral -pro- 
ducing cells did reduce significantly, and it remained 
significantly smaller even 35 days after the implantation. 
Furthermore, all of the 5 mice rhac received irttratumoral 
implantation of MNSM-Alb e/p-TNF-Ot retroviral -pro- 
ducing cells abrogated the established parental HCCs 
completely by 2S days after the implantation. No obvious 
signs of treatment-related side effects, such as body 
weight loss, were observed. Although 2 of the 5 mice 
experienced tumor recurrence 77 and 84 days after the 
implantation, the remaining 3 mice did not have tumors 
throughout the 6-month observation period. 

Intratumoral Expression of the TNF-a Gene 
Induced by Implantation of Retroviral- 
Producing Cells 

Seven days after the implantation of the retroviral- 
producing cells into established parental HCCs, the ani- 
mals were killed and the tumors were excised. Total 
cellular RNA was extracted from the tumors, and the 
expression of the TNF-a gene was examined using the 
murine TNF-a cDNA as a probe. As shown in Figure 
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Ffgure E. Irttratumoral expression of the TNF-a gene Induced by Im- 
plantation of retroviral-produclng cells. Trie mice bearing an estab- 
lished subcutaneous HCC were implanted intratumorally with: retrovi- 
ral- producing cells for 5 consecutive days. Seven days after the first 
implantation, tumors were excised and total cellular RNA was ex- 
tracted. Equivalent amounts (30 \ig) of RNA extracted from ;tumors 
Implanted wfth MNSM-Alb: e/p-TNFa {lane 1), MNSM (/arte 2) t "MNSM- 
SV 40-TMFa [tefte 3) retroviral- producing cells or PA317 retrovirus 
packaging cells [fane 4) were separated by gel electrophoresis, The 
RNA was blotted and hybridized to a "P-radiolabeletl murine TNFa- 
speciflc probe and then a chicken p-actin probe. The arrowhead and 
arrow indicate the murine TNFa- specific and ctiicKen (J-actin- specific 
transcripts, respectively. 



3NI~I Xtfd 



I9e02££6TB t>£:60 Z66I/EG/£0 



\WZ : Zl 00^PO-£0 908estol 



February 1997 



REGRESSION OF HOC 6V TNF-a GENE TRANSFER 507 





figure 6, Histological analysis of the tumor implanted with MNSM-Alb e/p-TNFa retroviral- producing ceils. The mice bearingian established 
subcutaneous HCC were imptented intratumorally with MNSM-Alb e/p-TNF-a retroviral -producing cells for 5 consecutive day|s. (A) Fourteen 
days after the first implantation, massive necrosis, hemorrhage, and many infiltrating ceils were visible in the tumor that received implantation 
of MNSM-Alb e/p-TNF-a retroviral -producing cells. (B) A much smaller number of infiltrating cells without apparent necrosis or Hemorrage were 
seen in the tumor that received the same volume of PBS (original magnification 60x). 



5, TNF-a gene expression was undetectable in the tu- 
mors that received PA? 17 retrovirus packaging cells or 
MNSM retroviral -producing cells. Conversely, expres- 
sion of che TNF-a gene was readily detected in the 
tumors chat received MNSM-SV 4<)-TNF-a, or MNSM- 
Alb e/p-TNF-CX rctroviral-producing cells. Dcnsitomeo 
ric scanning revealed chut che expression of che TNF-a 
gene was approximately L-6-fold stronger in the tumors 
chat received MNSM-Alb e/p-TNF-a recroviral-produc- 
ing cells compared with those receiving MNSM-SV 40- 
TNF-a recrovi mi -producing cells. 

Histological Analysis of Tumors Implanted 
With Retroviral-Producing Cells 

Pathological examination of the tumors that re- 
ceived MNSM-AJb e/p-TNF-a retroviral- producing 
cells was performed ar different dme points after the 
implantation. Fourteen days after the implantation of the 
retroviral -producing cells, massive necrosis, hemorrhage, 
and infiirraring cells were visible in the tumor (Figure 
6A). Twenty-one days later, infiltrating ceils and fibro- 
blasts but not tumor cells were visible in the tumor, nod 
che residual tumors were actually fibrotic scars devoid of 
rumor cells (data not shown). Conversely, control tumors 
rhar received the same volume of PBS instead of the 
retroviral-producing cells contained a much smaller 
number of accompanying infiltrating cells and no appar- 
ent necrosis or hemorrhage (Figure 68). To identify the 
infiltrating cells at the tumor site, immunohistochemical 
analysis was performed 14 days afrer the inrrarumoral 
implantation of MNSM-Alb e/p-TNF-a retroviral-pro- 
ducing cells. The reactive cells were positive to Mac-1 



(Figure 7A), Lyt2 (Figure 1B\ and IL-2R : (Figure 7C> 
staining, but negative to L3T4 staining (data nor shown). 

Discussion 

TNF-a is a cytokine that possesses a ;wide variety 
of biological activities including pocenc antitumor activ- 
ity. 11 ""' 9 However, studies of TNF-a- mediated tumor 
regression in mice have been hampered by the need to 
sysremically adminisrer roxic doses to obtain a curative 
response. The problem of dose-limiting toxicity of 
TNF-a has been particularly evident in human trials, 
because rhe maximal tolerated dose of TNF-a in humans 
has been shown to be 40-fold less on a per kilogram basis 
than the doses that were required to induce a significant 
antitumor effect in mice. 1,2 The severe side effects, such 
as headache, fever, tachycardia, rigors, and vomiting, ob- 
served in clinical trials in human cancer patients using 
TNF-a 3, il may be avoidable if high local concentrations 
of TNF-a can be achieved solely in rumor: sites. Blan- 
kenstein et al. 7 and Asher et al. 8 showed murine tumor 
cell lines engineered to produce TNF-a by retroviral- 
mediated gene Transfer losr their rumorigemctry in syn- 
geneic mice. Recently, Han ec al. 4i also showed that a 
human lung cancer ceil line modified co secrete human 
TNF-a lost its tumorigenicicy in athymic mice. 

In the present study, the murine TNF-a gene was 
transduced into a murine HCC ceil line by retroviral 
vectors. HCC cells infected with either MNSM-AJb e/p- 
TNF-a or MNSM-SV 40-TNF-a retroviruses secreted 
biologically active TNF-a, whereas those infected with 
control MNSM retroviruses did not produce any detect- 
able levels of TNF-a. TNF-a gene -transduced HCC 
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Figure 7. Immunohistochemical analysis of the tumor implanted with 
MNSM-Alb e/p-TNRx retroviral -producing cells. Fourteen days after 
the Implantation of the retrovlrai-produclng cells into established sub- 
cutaneous HCCs, immunoWstochemical analysis was performed to 
« Identity the irtfirtrating cells at the tumor site- The reactive cells were 
positive to {A} Mao-1, {B) lyt2, and (C) IL-2R staining {original magnifi- 
cations: A-C, 100 x). 

cells, however, showed rhe same growth compared with 
untransduced parental cells, and both che transduced and 
untransduced ceils were highly resistant to exogenous 
murine and human recombinant TNF-a (data not 
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shown), indicating that the HCC cell line used in \ this 
study was insensitive to TNF-a. TNF-a gene-trjans- 
duced HCC cells, however, were shown to lose their 
tumorigenicity when implanted into syngeneic riiice. 
The results shown in this present study are consistent 
wirh previous reports that even if parental tumor celli are 
resistant to TNF-a in vitro, TNF-a gene transduction 
abrogates their tumorigenicity in vivQ. 7Jl/a These results 
indicate that the antitumor activity of TNF-a isj not 
restricted to cells that are sensitive Co TNF-a in vitro, 
and therefore, TNF-a acts indirectly. Furthermore!, we 
have also shown that the previous inoculation o£ the 
TNF-Ot gene-transduced HCC cells led to acquisition 
of tumor immunity against parental HCCs in animals. 

Asher et al* reported that sarcoma cells modified to 
express the TNF-a gene inhibited the tumorigenici;ry of 
the parental ceils when the two were mixed at a ratjio of 
10:1 and coinjecced subcutaneously into syngeneic mice. 
Han et al. 42 also reported that adenocarcinoma cells mod- 
ified to produce TNF-a inhibit the tumorigenicity of the 
parental cells when mixed at a ratio of 1 : 1 and implanted 
subcutaneously into athymic nude mice. We show in 
the present study that HCC cells modified to secrete 
biologically active TNF-a significantly inhibited thje tu- 
morigenicky of the parental HCC cells even whetf the 
same number of modified cells was implanted 3 : days 
later into che vicinity of che previous implantation of 
parental cells. These results indicate that TNF-a-pro- 
ducing tumor cells may function in a paracrine mariner, 
resulting in the inhibition of the growth of unmodified 
parental cumor cells implanted in the same vicinity. 
These results also indicate that transfer of the TNF-a 
gene into tumor cells ex vivo with subsequent reimplan- 
tation into the tumor site may be efficacious in > sup- 
pressing the tumor growth. 

However, ex vivo gene therapy requires a surgical: pro- 
cedure to obtain the target tumor cells for gene transfer. 
Therefore, it is not practical for the treatment of HCC, 
because frequently HCC is accompanied by liver cirrho 
sis, 43 with the majority of patients with HCCs unable to 
withstand invasive surgery because of limited hejpatic 
reserve. In vivo gene therapy is much more applicable 
for the clinical treatment of patients with HCCs. In the 
present study, we show that intrarumoral administration 
of retroviruses carrying the TNF-a gene could induce 
the regression of established HCCs. Most impottantly, 
intratumoral implantation of the cells that produce re- 
troviruses carrying the TNF*a gene completely abro- 
gated established HCCs. Notably, no obvious sigins of 
treatment-related side effects, such as body weight loss, 
were observed. These results indicate the potential effi- 
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cacy of gene therapy against HCC by means of iwoviral- 
mediated in vivo cianscl action of the TNF-a gene. 

To achieve a successful in vivo gene therapy, it is 
extremely important to induce a strong expression of the 
exogenous genes used for a therapeutic purpose. It was 
reported already that high levels of TNF-a released by 
genetically modified rumor cells led to the rapid disap- 
pearance of incipient tumors. 2 '* The present study shows 
that HCC cells infected with MNSM-Alb e/p-TNF-CC 
retroviruses could express the transduced TNF-a gene 
significantly more strongly than those infected with 
MNSM-SV 40-TNF-Ct retroviruses in vitro. In the subse- 
quent in vivo study, it was shown that intratumoral 
administration of MNSM-Alb e/p-TNF-a retroviruses 
could induce significantly stronger antitumor effects 
against established parental HCCs than those of MNSM- 
SV 40- TNF-a retroviruses and could significantly pro- 
long the survival period of the mice bearing an estab- 
lished HCC. Also, it was shown that intratumoral 
implantation of the cells chat produce MNSM-Alb d 
p-TNF-a retroviruses, hut not MNSM-SV 40-TNF-a 
retroviruses, could completely abrogate the established 
parental HCCs. Furthermore, intratumoral expression of 
the TNF-CC gene was more strongly induced by implanta- 
tion of MNSM-Alb e/p-TNF-a retroviral -producing 
cells compared with MNSM-SV 40 -TNF-a retrovirai- 
producing ones. These results suggest that increased local 
concentrations of TNF-a are responsible for tumor re- 
gression. In many investigations on gene therapy, vtral- 
derived promorers including the SV 40 early region pro- 
moter have been used because they are generally strong 
and not tissue specific. The results of the present study, 
however, indicate that the choice of promoters to direct 
the therapeutic gene is extremely important for effective 
gene therapy. 

Although regression of tumors induced by in vivo 
transduction of the TNF-a gene appears to be dependent 
on TNF-a production in the tumoc sites, the mechanism 
mediating the tumor elimination remains unknown, 
Blankenstein et al 7,44 reported that when murine plas- 
macytoma cells were modified to secrete TNF-a and 
implanted in syngeneic mice, the suppression of tumor 
growth was linked to macrophage-mediated processes 
and probably induced by a T cell -independent mecha- 
nism. Han et al." 12 showed that human adenocarcinoma 
cells modified to secrete TNF-a lost their tumorigenicity 
even when implanted in athymic nude mice that do nor 
have an intact T-ceJl system. In contrast, Asher et al. 8 
reported that when murine sarcoma cells were modified 
to secrete TNF-a and implanted in syngeneic hosts, tu- 
mor growth suppression was linked to T-cell processes. 



In the present study, we show that when cblls that pro- 
duce the TNF-a gene— carrying retroviruses were im- 
planted into established tumors, massive ijnfiltration of 
the cells that contained Mac-1 , Lyt2, and HJ2R -positive 
ones, but not L3T4-posi tive ones, was observed. Our 
results, therefore, indicate that both the ;macrophages 
and the Lyt2-positive T lymphocytes may pljay important 
roles in TNF-a- mediated tumor regression 

To prove the usefulness of the strategy usihg retroviral- 
mediated in vivo transduction of the gene under 

the transcriptional control of the albumin ge|ne promoter, 
more investigations have to be performed] Assessment 
using different HCC cell lines, including human ones, 
also have to be completed. Furthermore, the! value of this 
strategy has to be estimated in animal models that bear 
HCCs present in the liver. The results shown, however, 
indicate the potential efficacy of transferring the TNF- 
a gene via retroviral vectors in vivo for the jtreatment of 
patients with HCCs. 
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